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(54) FUEL REFORMER 

(57)Abstract: 

PURPOSE: To provide a fuel reformer having small volume 
of a catalytic layer and small catalytic amount, capable of 
attaining cost down and carrying out reforming reaction in 
high efficiency and miniaturizing. 

CONSTITUTION: A gas which flows into a reacting tube 1 is 
discharged from the outlet of the first catalyst part 12 
before lowering to a carbon deposition temperature Tc in 
the first catalyst part 1 2 and the gas is heated by a heating 
furnace 2 in a heat transfer promoting part 5 on the 
downstream side of the first catalyst part to raise the 
temperature of the gas. Then, the gas is fed into the second 
catalyst part 13 and reforming reaction of the gas by the 
second catalyst part 1 3 is promoted and the gas is 
discharged before the temperature of the gas is lowered to 
a temperature lower than a carbon deposition temperature 
Tc also in the second catalyst part 1 3. Since the gas 
alternately flows into catalytic parts 12, 13, 14, 15 and 16 
and heat transfer promoting parts 5, 6, 7 and 8, reaction 
temperature is always retained to a temperature exceeding 

the carbon deposition temperature Tc. As a result, deposition of carbon is suppressed and 
operation having low S/C value is made possible and efficiency of a fuel cell system can be 
improved. 
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* NOTICES * 




JPO and NCZPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The coil which circulates material gas, and the 1st catalyst section arranged within [ this ] a 
reaction, It has the 2nd catalyst section which keeps spacing and is arranged from this 1 st catalyst 
section, and a heater for heating said coil. The fuel reformer characterized by having the catalyst bed 
which set up the shaft-orientations die length of said catalyst section so that the temperature in said 1st 
catalyst section and the 2nd catalyst section might be maintained at the temperature of extent which 
avoids a carbon deposit. 

[Claim 2] The fuel reformer according to claim 1 characterized by said catalyst section being a 
honeycomb-like catalyst. 

[Claim 3] The fuel reformer according to claim 1 to which said catalyst section is characterized by being 
a thin layer within predetermined die length in a flow direction. 

[Claim 4] The fuel reformer according to claim 1 characterized by said catalyst section being a 
doughnut-like. 

[Claim 5] The fuel reformer according to claim 4 characterized by making an one direction carry out gas 
circulation of the catalyst section of the shape of said doughnut. 

[Claim 6] The fuel reformer according to claim 4 characterized by passing a part for a hole for the gas 
among the doughnut-like catalyst sections after carrying out gas circulation of the catalyst section of the 
shape of said doughnut. 

[Claim 7] The fuel reformer according to claim 1 characterized by there being two or more heat transfer 
promotion sections between the ****** aforementioned catalyst sections mutually with said catalyst 
section in said catalyst bed. 

[Claim 8] The shaft-orientations die length of said catalyst section is a fuel reformer according to claim 
1 to which the shaft-orientations die length of the catalyst section of the downstream is relatively 
characterized by the ********. 

[Claim 9] The fiiel reformer according to claim 1 characterized by preparing a heat transfer accelerator 
in the heat transfer promotion section between the adjacent catalyst sections. 
[Claim 10] The fuel reformer according to claim 1 characterized by setting up a heater so that the 
direction of an outlet side may receive the big amount of heating from an entrance side relatively per 
catalyst section of a piece. 

[Claim 11] Said heater is a fuel reformer according to claim 10 characterized by being any one piece or 
two heaters or more, a heat transfer heater and a burner. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the structure of the catalyst bed section arranged in fuel 
reformers, such as a fuel cell system and a hydrogen generator, by the detail about a fuel reformer. 
[0002] 

[Description of the Prior Art] After a thermal power station, nuclear electric power generation, etc. 
change the chemical energy of a fossil fuel into heat energy or nuclear energy, a fuel cell obtains direct 
electrical energy from chemical energy to obtaining electrical energy. A reactant is the chemical cell 
continuously supplied from the outside, the body of a fuel cell, a fuel reformer, and power converters are 
the main components, a control unit, a waste heat recovery equipment, etc. join these components, and 
this fuel cell constitutes a fuel cell system. 

[0003] Among these, a fuel reformer is equipment which reforms the material gas which uses fuel gas 
and steams, such as methane, as a principal component to hydrogen Rich's reformed gas, and consists of 
a reforming machine which uses material gas as hydrogen, carbon dioxide gas, and a carbon monoxide, 
and a CO transformer which makes the carbon monoxide in reformed gas below threshold limit value. 
The pellet type catalyst, the honeycomb-like catalyst, etc. are known as a catalyst of a reforming 
machine. 

[0004] When material gas passes the catalyst bed filled with the reforming machine within the reaction, 
reforming of the material gas is carried out and it is supplied to CO transformer. Since it is a steam 
reforming process at this time, by being heated with a heater, the reforming reaction within a reaction is 
promoted and it is changed into the reformed gas with which material gas contains hydrogen, carbon 
dioxide gas, and a carbon monoxide. 

(Reforming reaction) CH4+H2 O -> 3H2+CO - endothermic reaction (water gas shift reaction) CO+H2 
O -> C02+H2 - exothermic reaction [0005] 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned reforming reaction is 
endothermic reaction, during reaction advance, the big temperature reduction in a catalyst happens and, 
as for the conventional fuel reformer, reactivity also falls in connection with it. The above-mentioned 
reforming reaction is H2 0/CH4 of reactant gas, in order to prevent a deposit of Carbon C in the case of 
a reforming reaction at this time, although it goes on in the temperature of 500 degrees C or more. The 
value (this ratio is called S/C value) is made into the value of 3-4. The theoretical ratio of S/C value of a 
reforming reaction is 1 (S/C=l). 

[0006] However, if this S/C value are enlarged, generally the system efficiency of a fuel cell will fall. 
This is for a heating value required for heating of a superfluous steam to increase. Generally, as a coil is 
shown in draw ing 10 , if a heating furnace 2 is installed in the periphery section of a coil 1, the catalyst 
section 3 is formed in the interior of a coil 1 and fuel gas and steams, such as methane, are poured in the 
direction of an arrow head from the upstream, temperature will fall by endoergic [ of a reforming 
reaction ] as it goes to the downstream by the catalyst section 3 from the entrance side of the catalyst 
section then. A fall of this temperature becomes easy to deposit carbon. The amount of a steam is made 
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[ many / comparatively ] in o^^to make it hard to occur this carbon depo^^action. 

[0007] Next, the temperature of the honeycomb core at the time of using for the catalyst section the 
honeycomb support which supports a catalyst, and the temperature distribution of the honeycomb 
periphery section are shown in drawing 9 . Experiment conditions were set to coil outer wall 
temperature:900 degree C and quantity-of-gas-flow SV=5000hr-l here. The reaction invert ratio was 
90%. Since the heat transfer effectiveness by the heating furnace from the periphery section to a core is 
low in a honeycomb-like catalyst so that this drawing 9 may show (i.e., since the thermal conductivity to 
the direction of a core is bad), the amount of temperature falls in a core is quite large, runs short of 
supply of heat in a core, and has a problem of it becoming impossible to reach temperature required for a 
reaction in a catalyst core depending on the amount of supply of material gas. 

[0008] The purpose of this invention is to offer the fuel reformer which can make S/C value small, in 
order to raise the system efficiency of a fuel cell. Moreover, other purposes of this invention are to offer 
the fuel reformer which can be operated by low S/C value. The volume of a catalyst bed is small, there 
are few amounts of catalysts, the cost can be cut down, and purpose that this invention is still more 
nearly another is to offer the fuel reformer in which the miniaturization which can perform a reforming 
reaction efficiently is possible. 
[0009] 

[Means for Solving the Problem] The coil which circulates material gas by claim 1 at the fuel reformer 
of this invention, The 1st catalyst section arranged within [ this ] a reaction, and the 2nd catalyst section 
which keeps spacing and is arranged from this 1st catalyst section, It has the 1st catalyst section and the 
heat transfer promotion section which gives heat from the exterior between the 2nd catalyst section, and 
is characterized by setting up the shaft-orientations die length of said catalyst section so that the 
temperature in the 1st catalyst section and the 2nd catalyst section may be maintained at the temperature 
of extent which avoids a carbon deposit. 

[0010] Said catalyst section can use the catalyst and pellet type catalyst which are supported by the 
honeycomb structure object. When using a honeycomb catalyst, since the touch area of gas and a 
catalyst is relatively large, reaction effectiveness improves. It is desirable that it is a thin layer within the 
die length predetermined in said catalyst section to a flow direction. Said catalyst bed is formed in the 
shape of a doughnut, and annular. In this case, heat can be received from the direction outside of a path 
of a catalyst bed, and the both sides of the direction inside of a path. After being able to make an one 
direction carry out gas circulation of the catalyst bed of the shape of said doughnut and carrying out gas 
circulation of the catalyst bed part of the shape of said doughnut, a part for a hole can also be passed for 
the gas among doughnut-like catalyst beds. 

[001 1] Two or more said 2nd catalyst section can be prepared. That is, by preparing the catalyst section 
and the heat transfer promotion section by turns, axial length of a coil can be shortened relatively and a 
reaction invert ratio can be improved. The heat transfer promotion section is prepared between the 
adjacent catalyst sections, and a heat transfer accelerator is prepared in the upstream of this heat transfer 
promotion section. In this case, the temperature up of the temperature of the gas discharged from the 
catalyst section outlet of the upstream of the heat transfer promotion section can be carried out quickly. 
[0012] A heater is set up so that the direction of an outlet side may receive the big amount of heating 
from an entrance side relatively per catalyst section of a piece. This is because gas temperature can be 
effectively gone up near the outlet rather than a catalyst section inlet port since gas temperature is 
relatively low. A heat transfer heater, a burner, etc. can be used for said heater. 
[0013] 

[Function and Effect(s) of the Invention] According to the fuel reformer of this invention, before the gas 
which flows into a coil descends below to the carbon deposit temperature Tc in the 1st catalyst section, 
it is discharged from the 1st catalyst section outlet. In response to heat, carry out a temperature rise from 
a heater in the 1 st catalyst section downstream part, subsequently to the 2nd catalyst section enter, and 
the reforming reaction by the 2nd catalyst section is promoted. Before descending to the temperature 
below the carbon deposit temperature Tc also in this 2nd catalyst section, gas is discharged from the 2nd 
catalyst section outlet, and it is held at the temperature to which reaction temperature always exceeds 
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carbon deposit temperature blowing by turns and going such the catalyst section and the heat transfer 
promotion section. For this reason, since a carbon deposit is suppressed and low operation of S/C value 
is attained, the effectiveness of a fuel cell system can be improved. 
[0014] 

[Example] Hereafter, the example of this invention is explained based on a drawing. The fundamental 
principle of this invention is explained based on drawing 1 . The fuel reformer 10 mainly reforms the 
fuel gas and the steam in material gas. Inside the coil 1 which constitutes this fuel reformer 10, two or 
more catalyst sections 12, 13, 14, 15, and 16 keep spacing, it is arranged, and heat is transmitted to the 
catalyst sections 12, 13, 14, 15, and 16 which adjoin each other with the heat transfer promotion sections 
5, 6, 7, and 8 from the surrounding heater 2 side. The heater 2 is arranged so that the whole skin of a coil 
1 may be wrapped. 

[0015] The catalyst sections 12, 13, 14, 15, and 16 use for example, a honeycomb-like catalyst or a 
pellet type catalyst. A honeycomb-like catalyst carries out the coat of the alumina layer etc. to the 
internal surface of the honeycomb-like catalyst support of the cordierite which forms the eel of the shape 
of a blow hole of a bee, and supports a nickel layer etc. by the sinking-in method on it further. A coil 1 
is formed with cylinder-like stainless steel. A heating furnace 2 is for example, a combustion burner. 
[0016] Principal components are methane and a steam and introduce material gas from the inlet port of a 
coil 1 . The outer wall temperature of a coil 1 is heated at 900**100 degrees C with a heating furnace 2. 
Material gas is a formula (1) while passing the first catalyst section [ 1st ] 12. The shown chemical 
reaction is caused. 

(Reforming reaction) CH4+H2 O -> CO+3H2 - (endothermic reaction) (1) This formula (1) Since the 
shown reaction is endothermic reaction, the temperature of the 1st catalyst section 12 which causes the 
first catalytic reaction dives. The material gas which passed the 1st catalyst section 12 is heated by 
transfer of the heat from the periphery section of a coil 1 , and when gas temperature rises gradually and 
carries out a temperature rise, it flows into the 2nd following catalyst section 13. At this 2nd catalyst 
section, it is a formula (1). The shown endothermic reaction advances again and gas temperature 
descends. Since the reforming reaction accompanied by a rise and descent of this temperature is 
performed at the temperature always exceeding the carbon deposit temperature Tc, a carbon deposit is 
not generated. 

[0017] Thus, whenever material gas passes the catalyst sections 12, 13, 14, 15, and 16, a reforming 
reaction advances, in after flowing out a coil 1, fuel reforming of material gas is performed good, and 
CO, H2, C02, CH4, H2 O, etc. are discharged. This exhaust gas is sent out to CO transformer which is 
not illustrated. Next, the concrete example of a configuration of the fuel reformer suitable for going on a 
reforming reaction at the temperature which exceeds carbon deposit temperature Tc temperature as 
mentioned above is shown in drawin g 2 - dra wing 4 . 

[0018] (The 1st example) The 1st example shown in drawing 2 is an example which formed the 1st disc- 
like catalyst section 22 in the interior of the direct-like coil 21, kept spacing from this 1st catalyst section 
22, and has arranged the 2nd catalyst section 23. Material gas flows in the direction of a void arrow 
head, and passes the 1st catalyst section 22 and the 2nd catalyst section 23. A reforming reaction 
advances at this time. 

[0019] (The 2nd example) The 2nd example shown in drawing 3 is an example which constituted the 
coil 3 1 from a double pipe of inner-tube 31a and outer-tube 3 lb. A heating means transmits heat in the 
direction of arrow-head Q inside outer-tube 31b from the source of heating which forms a heater in the 
periphery section of outer-tube 31b, and is arranged at the periphery section of this outer- tube 31b and 
which is not illustrated. Moreover, it is made to circulate in the direction of an arrow head which shows 
the heat exchange medium which transmits heat to an outer-tube side at inner-tube 31a to a dotted line. 
Material gas is made for the passage of the shape of a cross-section doughnut formed inside outer-tube 
3 lb on the outside of inner-tube 3 1 a to flow in the direction shown by the void arrow head. And the 2nd 
catalyst section 33 is arranged in the location in which spacing was kept from the 1st catalyst section 32 
and this 1st catalyst section 32 in the middle of the passage of the shape of this doughnut. Heat is 
received also from an outside, and material gas is heated, goes into the 2nd following catalyst section 
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33, advances a reforming reacfron while it promotes a reforming reaction aniTthen receives the heat 
from an inside heat exchange medium in the part between the 1st catalyst section 32 and the 2nd catalyst 
section 33, when passing the 1st catalyst section 32, and subsequently it is discharged. In this 2nd 
example, since the passage of material gas is formed in the shape of a doughnut, in order to receive 
supply of heat from the both sides from the direction outside of a path from the direction inside of a 
path, since a heat transfer operation is size, there is an advantage of becoming easy to hold reactant gas 
temperature to the temperature always exceeding carbon deposit temperature. 

[0020] (The 3rd example) The 3rd example shown in drawing 4 is an example which constituted the coil 

41 from an inner tube 46 and an outer tube 47, and has arranged the inner tube 46 inside the closed-end 
major-diameter-like outer tube 47. Material gas flows in the direction of a void arrow head. Namely, 
after flowing caudad in this drawing and making a U-turn at the pars basilaris ossis occipitalis in the 
anchor ring-like part of the outside of an inner tube 46, the inside inner tube 46 is flowed in the direction 
of a void arrow head upward. The 1st catalyst section 42, the 2nd catalyst section 43, the 3rd catalyst 
section 44, and the 4th catalyst section 45 keep spacing, and are arranged at the outside [ of an inner tube 
46 ], and wall side of an outer tube 47. After material gas f s flowing caudad from the 1st catalyst section 

42 side and passing the 4th catalyst section 45, a U-turn is made in a pars basilaris ossis occipitalis, and 
it flows up through an inner tube 46. On the other hand, heating by burner 48 grade is performed in the 
lower part of an outer tube 47. therefore , when gas after passing above heat transfer by the convection 
current phenomenon and the above 4th catalyst section 45 of combustion gas from the outside in the 
direction showed by the arrow head flow an inner tube 46 up , the gas which flow this inner tube 46 
serve as a heat exchange medium , and heat transfer of the heat supply to an outer tube 47 be carry out 
through the wall of an inner tube 46 inside the outer tube 47 by the side of the direction of the outside of 
a path from this heat exchange medium . In this example, thermal efficiency has very good structure. 
[0021] Also in this 3rd example, it is effective in a good reforming reaction advancing from being held 
at the temperature to which reactant gas temperature always exceeds carbon deposit temperature. Next, 
experimental data is shown. 

(1) The die-length test of the catalyst section (the 1) 

This test is an experiment which investigates the die length of the catalyst section, and the relation of a 
reaction invert ratio. Experimental data is shown in draw ing 5 . 

[0022] It turns out that the great portion of catalytic reaction occurs by the entrance side of the catalyst 
section in an old experiment, and catalytic reaction stops being able to happen easily with a temperature 
fall as experiment conditions in the outlet side of the catalyst section. For this reason, it is one purpose 
that the most efficient catalyst section die length gets to know what kind of range it is. Here, a quantity 
of gas flow, catalyst section die length, and the relation of a reaction invert ratio were investigated. 
[0023] The experiment conditions are as follows. 

Catalyst section configuration: Honeycomb 20mil60cpi2, 50mmphix (10, 20, 30, 40, 50mmL) quantity- 
of-gas-flow:SV value 2000, 5000, and 8000hr-l (catalyst bed volume 50phix200 conversion) 
gas presentation: — H2 0/CH4 =4 preheating-furnace temperature: — 500-degree-C coil outer wall 
temperature: — 900-degree-C reaction invert ratio: — it calculated from the gas-chromatography analysis 
result. 



[0024] 
[Table 1] 
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teiKSSfiS (mm) 


1 0 


20 


30 


40 


50 


SV=2 OOOhr" 1 


69 


82 


89 


9 0 


84 


SV=5000hr-' 


45 


49 


67 


66 


60 


SV = 8000hr- ! 


30 


3 7 


53 


5 0 


47 



[0025] The experimental result was as being shown in drawing 5 and Table 1 . As for most change of a 
reaction invert ratio, catalyst section die length was not seen by 30 and 40 or 50mm so that this 
experimental result might show. When [ which was comparatively short ] catalyst section die length was 
10 or 20mm, as for the reaction invert ratio, the inclination for catalyst section die length to become so 
low that it be short became clear. 
(2) The die-length test of the catalyst section (the 2) 

This test is an experiment which investigates the relation between a reaction tube diameter, a quantity of 
gas flow, and the catalyst section die length until the core temperature of a coil descends to the carbon 
deposit temperature Tc. Experimental data is shown in drawing 13 . 
[0026] The experiment conditions are as follows. 

Reaction tube diameter: 20mmphi, 50mmphi quantity-of-gas-flow:SV value 5000 10000hr-l (catalyst 
bed volume 50phix200 conversion) 

gas presentation: — H2 0/CH4 =2.5 preheating-furnace temperature: — 500-degree-C coil outer wall 
temperature: 900 degrees C [0027] 



fTable 21 


( am ) 


svm 


T cKfc*$T<3SBK 


20* 


5000hr-' 


6 0 mm 


1 OOOOhr" 


1 0 0mm 


5 0 * 


500 Ohr- 1 


2 0mm 


1 OOOOhr"' 


3 0mm 



[0028] The experimental result was as being shown in drawin g 13 and Table 2. The catalyst section die 
length until the fall of the core temperature of a coil has little one where a reaction tube diameter is 
smaller to the distance from the inlet port of the catalyst section as for catalyst section die length until 
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the core temperature of a coilalscends to the carbon deposit temperature Tc and the core temperature of 
a coil results in Tc becomes long so that this experimental result may show. However, since the number 
of coils for processing the gas of a constant rate will increase if a reaction tube diameter is made small, a 
practical reaction tube diameter is more than 20mmphi. Moreover, if SV value is enlarged, the catalyst 
section die length until it prevents the fall of the core temperature of a coil and the core temperature of a 
coil descends to the carbon deposit temperature Tc will become long. However, if SV value is enlarged, 
a reaction invert ratio will become low. H2 0/CH4 If a ratio is enlarged, the carbon deposit temperature 
Tc will fall, but since a heating value required for heating of a superfluous steam increases, operation 
effectiveness falls. 

[0029] On the other hand, a reforming reaction can be performed on condition that reaction tube 
diameter 20mmphi and SV value 10000hr-l, without catalyst section die length reducing 100mm or less, 
then the core temperature of a coil below to the carbon deposit temperature Tc. It turns out that it is 
more practical than the above-mentioned result to shorten catalyst bed die length as an approach of 
preventing a carbon ** deposit. 

[0030] (3) The temperature-distribution test catalyst section die length of the catalyst section observed 
the temperature change of the catalyst section about the thing (10mm and 40mm). The result is shown in 
drawing 6 . The quantity of gas flow was set to SV=5000hr-l . Also when catalyst section die length is 
10mm so that this drawin g 6 may show, also in 40mm, a catalyst section inlet port shows that core 
temperature has about 300-degree C rapid temperature fall with a shaft-orientations distance of 10mm in 
between. When catalyst section die length is 10mm, as for this catalyst section outlet, i.e., catalyst 
section die length, temperature rises after 10mm. On the other hand, when catalyst section die length is 
40mm, temperature continues descending further and temperature is rising henceforth from the location 
whose catalyst outlet side, i.e., catalyst section die length, is 40mm. And it is what has a temperature rise 
rapid in any case just behind the catalyst section outlet. Therefore, it is thought that spacing of the outlet 
side of the 1st catalyst section and the inlet-port side of the 2nd catalyst section should just have the 
distance of enough of extent which reaches the temperature which temperature with a gas temperature 
high enough, i.e., a carbon deposit, cannot generate easily. 
[0031] (4) Temperature distribution of a coil (the 1) 

Next, the result in which it experimented about the core temperature distribution within a reaction is 
shown in drawing 7 . This experiment condition was set to coil outer wall temperature:900 degree C and 
SV=5000hr-l (catalyst bed die-length conversion of 200mm). The reaction invert ratio was 84%. The 
experimental result is as being shown in drawin g 7 . 

[0032] As drawing 7 shows, it turns out in the 1st inlet-port part and outlet part of the catalyst section 12 
that there is a big temperature gradient. Moreover, it turns out that there is a temperature gradient in an 
inlet-port part and an outlet part also in the 2nd catalyst section 13. However, it is distinguished that the 
temperature reduction in the 1st catalyst section 12 is remarkable. 
(5) Temperature distribution of a coil (the 2) 

Next, the result of having experimented on the equipment used in the experiment shown in d rawin g 7 
about the equipment which formed the heat transfer accelerator 18 in the downstream of the 1st catalyst 
section 12 further is shown in drawing 8 . 

[0033] The equipment used as a heat transfer accelerator here is a kind of the static mixer which 
specifically has the configuration which promotes mixing of gas by the flow of a mixer, i.e., gas. The 
core temperature distribution of the coil in the fuel reforming machine which formed the heat transfer 
accelerator 18 shown in drawing 8 are as being shown in drawing 8 . Experiment conditions were set to 
coil outer wall temperature:900 degree C and SV=5000hr-l (catalyst bed die-length conversion of 
200mm) here. The reaction invert ratio was 88%. 

[0034] By having formed the heat transfer accelerator 18, the heat from a heating furnace 2 is efficiently 
told to material gas, and the temperature of the material gas in the inlet-port part of the 2nd catalyst 
section 13 is high about 120 degrees C compared with drawin g 7 so that drawing 8 may show. For this 
reason, it is thought that the reforming reaction within the 2nd catalyst section 13 was promoted, and the 
reaction invert ratio improved. 
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(6) Temperature distribution oWT coil (the 3) 

Next, the example into which the equipment used in the experiment shown in drawin g 8 was developed 
is shown in drawing 1 1 . With the equipment used in the experiment shown in drawin g 1 1 , the 1st heat 
transfer accelerator 18 was formed between the 1st catalyst section 12 and the 2nd catalyst section 13, 
and the 2nd heat transfer accelerator 19 was further formed between the 2nd catalyst section 13 and the 
3rd catalyst section 14. The thing same as a heat transfer accelerator as the experiment shown in drawing 
8 was used. 

[0035] The core temperature distribution of the coil in the fuel reforming machine shown in drawing 1 1 
are as being shown in drawin g 1 1 . Experiment conditions were set to coil outer wall temperature:900 
degree C and SV=5000hr-l (catalyst bed die-length conversion of 200mm) here. The reaction invert 
ratio was 89%. The good reaction invert ratio was obtained without dropping the temperature of material 
gas below to Tc by preparing two or more catalyst sections and two or more heat transfer promotion 
sections by turns so that drawin g 1 1 may show. Moreover, drawing 1 1 shows that the temperature 
gradient is decreasing gradually with the 2nd catalyst section 13 and the 3rd catalyst section 14 
compared with the temperature gradient of the inlet-port part of the 1st catalyst section 12, and an outlet 
part. This is considered for the reforming reaction which advances in the catalyst department to 
decrease, and for the amount of endoergic to decrease as a reaction invert ratio increases. 
[0036] (7) Temperature distribution of a coil (the 4) 

The result of the experiment shown in drawing 1 1 shows that the temperature fall of the material gas per 
die length of the catalyst section decreases, so that it becomes the downstream of material gas flow. 
Therefore, it is expected that the shaft-orientations die length of the catalyst section can be lengthened, 
without depositing carbon so that it becomes the downstream of material gas flow. 
[0037] In the equipment used in the experiment shown in drawing 1 1 , the example which lengthened 
the shaft-orientations die length of the catalyst section of the downstream of material gas flow compared 
with the shaft-orientations die length of the catalyst section of the upstream is shown in drawing_12 . 
With the equipment shown in drawing 12 , the shaft-orientations die length of the catalyst section is 
30mm by 20mm and the 2nd catalyst section 13 in the 1st catalyst section 12 at 25mm and the 3rd 
catalyst section 14. The core temperature distribution of the coil in the fuel reforming machine shown in 
drawing 12 are as being shown in drawing 12 . 

[0038] Experiment conditions were set to coil outer wall temperature:900 degree C and SV=5000hr-l 
(catalyst bed die-length conversion of 200mm) here. The reaction invert ratio was 93%. Even if it 
lengthens the die length of the 2nd catalyst section 13 and the 3rd catalyst section 14 from the result of 
the experiment shown in drawin g 12 compared with the experiment shown in drawing 1 1 , it turns out 
that the minimum temperature in the whole coil of material gas is not different from the experiment 
shown in drawing 1 1 . Moreover, the die length of the catalyst section was written for a long time, and 
the good reaction invert ratio of 93% was obtained. 

[0039] as explain above , before reducing the amount of temperature reductions by the endothermic 
reaction of reactant gas by according to this invention preparing spacing for the 1st catalyst section and 
the 2nd catalyst section , and making the die length of the catalyst section small and reactant gas falling 
to carbon deposit temperature , it be make to discharge from a catalyst section outlet , and by repeating 
this actuation , reforming of a fuel can be promote , a carbon deposit can be suppress and the 
effectiveness of a fuel cell system can be improve . 

[0040] In addition, this invention is applicable also to the equipment, for example, the hydrogen 
generator, other than a fuel cell system. 
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